Abstract: Fundamental studies on biocompatible materials were conducted using the mechanism of dentin formation as a model. Hydroxyapatite and fluorinated apatite were synthesized in a gelatin solution. Synthesized apatite was pressed under vacuum, and the mechanical strength was investigated. A hardened mold was prepared by adding amorphous calcium phosphate (ACP). Then, changes in the crystals of the hardened mold dipped in distilled water or 1 ppm fluoride solution were observed with a transmission electron microscope. The results showed that the crystal growth of apatite synthesized in 1% gelatin was suppressed. Moreover, small and homogenous granular apatite was formed in the precipitate synthesized with fluorine. Gelatin contributed to the reduction of brittleness of the hardened mold, and thus a high cutting resistance value was obtained. Furthermore, acceleration of crystal growth and aggregation of fine crystals were observed in the hardened mold when ACP was added to the solution.
Introduction
Recently, various biocompatible materials have been developed and studied for hard tissue replenishment [1] [2] [3] [4] [5] [6] . The differences between bone and teeth should be considered when developing biocompatible materials for hard tissues. In terms of metabolism, bone undergoes resorption and deposition, or so-called bone remodeling, over a lifetime, whereas the degree of tooth calcification increases with age 7) . Regarding tissue structure, teeth are composed of three hard tissues: enamel, dentin, and cementum. Thus, teeth are different from bones despite both being composed of hard tissue. Dentin is characterized as follows; 1) dentin consists of approximately 70% inorganic matter, 20% organic matter, and 10% moisture; 2) mechanically, dentin's hardness is lower than that of enamel, but dentin has viscosity, elasticity, and toughness 8) ; 3) the degree of calcification in dentin increases with age due to the flow of interstitial fluid via the dentinal tubule 7) . For bone, numerous biocompatible and non-biocompatible materials have been developed and clinically used, whereas for teeth, numerous non-biocompatible and non-biological materials such as dental metals or composite resins have been clinically applied for tooth decay. However, a biocompatible block for dentin substitution that accounts for dentin's characteristics has not yet been developed. The mostused biocompatible materials similar to tooth hard tissue are orthodontics adhesive cement 9) and dentin hypersensitivity agents 10) , but these materials are insufficient in strength for use as prosthetic materials of dentin.
Therefore, we focused on biomaterials that could be applied as prosthetic materials for dentin based on the characteristics of dentin as described above. Based on this goal, we considered a hardened mold that causes curing persistently. Ordinarily, the inorganic substance used for biocompatible materials is hydroxyapatite (HAP), which is the same calcium phosphate as in teeth and bones. However, we focused on amorphous calcium phosphate (ACP) because it has good reactivity with the same calcium phosphate. ACP has been reported as a precursor of HAP 11, 12) . Conversion from ACP via octacalcium phosphate (OCP) and tricalcium phosphate (TCP) to HAP is sustained in vivo [13] [14] [15] [16] . ACP is very unstable and cannot be shaped as it is. Therefore, we hypothesized that using gelatin would address this issue because it is used as a reinforcing material for bone substitutes. Furthermore, we considered that it can sustainably convert ACP to HAP by mixing with current HAP and fluorinated apatite (FAP). Thus, we prepared apatite, to which gelatin was added, and then mixed it with ACP to observe it. Our aim was to promote crystal growth sequentially by mixing ACP after preparing HAP and FAP with organic addition. In this study, we aimed to obtain basic data for the development of biocompatible materials by applying knowledge on dentin formation and investigating the following: 1) the crystals synthesized when a gelatin solution is used as a collagenous matrix model, 2) the mechanical strength of hardened blocks of apatite containing gelatin, and 3) apatite crystal growth and change in the hardened molding blocks containing amorphous calcium phosphate in the synthesis solution.
Materials and Methods
A schematic drawing of the experimental procedure is shown in Fig. 1 .
Synthesis of apatite crystals and ACP
The synthesis was carried out via a modified version of a method previously reported by Shimoda et al 17) . The chemicals used were 4 at a concentration of 4.06 g/75 ml were prepared. Each solution was added dropwise to 900 ml distilled water (DW) using a peristaltic pump at a rate of 1.25 ml/min and stirred. Syntheses were carried out under two temperature conditions of less than 60°C and at 80°C. During the synthesis, the pH was adjusted to 7.0 with 45% KOH. After the reaction, the solution was filtered and then freeze-dried. The obtained powders were labeled as 60℃ and 80℃ apatite (60℃-HAP and 80℃-HAP, respectively).
For the synthesis of the gelatin solution, gelatin (Wako Chem. Ltd, Tokyo, Japan) was dissolved in DW at 60°C at a wt. ratio of 1% and 10%. Two concentrations of gelatin solutions were prepared and synthesized according to the same protocol as 60°C-HAP. Once completed, the solution was centrifuged (Kubota 2410, Tokyo, Japan) at 4,000 rpm for 60 min to obtain the precipitate. The precipitate was washed three times with 100% anhydrous ethanol and then freeze-dried at −80°C to obtain a dry powder. The dry powders were labeled as 1% and 10% gelatin apatite (1% GHA and 10% GHA, respectively).
Synthesis of fluorinated apatite was carried out by adding 0.7 g of NH 4 F (Wako Chem. Ltd, Tokyo, Japan) to a 13 g/75 ml Ca(NO 3 ) 2 -4H 2 O aqueous solution. A gelatin solution was prepared in the same manner as GHA synthesis. Synthesis and drying of the precipitate were carried out to obtain a dry powder. The samples synthesized were fluorinated apatite (60°C-FAP) and 1% and 10% fluorinated gelatin apatite (1% GFA and 10% GFA, respectively).
In the synthesis of ACP, (NH 4 )HPO 4 , Ca(NO 3 ) 2 -4H 2 O, and Mg(NO 3 ) 2 were used as reagents. A phosphoric acid solution (2.64 g/40 ml of (NH 4 )HPO 4 ) was dissolved in a 1% gelatin solution, and 4.723 g/40 ml of Ca(NO 3 ) 2 -4H 2 O and 0.005 g/40 ml of Mg(NO 3 ) 2 were dissolved in a 1% gelatin solution. At the same time, 500 µl of phosphate and calcium solutions were added, and immediately after turbidity, the reaction was stopped with 100% anhydrous ethanol. The solution was centrifuged at 4,000 rpm for 1 min to obtain the precipitate, and the precipitate was washed three times with 100% anhydrous ethanol. Thereafter, the precipitate was freeze-dried at −80°C to obtain the ACP powder.
X-ray diffraction
The synthesized crystals and ACP were identified using X-ray diffraction (XRD, RINT RAPID II -CMF, Rigaku Ltd, Tokyo, Japan). For each sample, 0.1 g was placed in a tablet former and maintained at 700 Kgf/cm 2 for 3 min at room temperature. Using a curved imaging plate X-ray diffractometer, the molded sample was measured and analyzed under the following conditions: tube voltage of 40 kV, tube current of 30 mA, and irradiation time of 120 s. For the powder XRD measurement, each sample was scanned from 3° to 90°(2θ axis).
Transmission electron microscopy (Each dry powders)
For each dry powder, 0.5 mg was suspended in 2 ml anhydrous ethanol. The solution was added dropwise to a collodion membrane grid, and crystal formation was observed under TEM (JEM 1400 JEOL, Tokyo, Japan) with an accelerating voltage of 80 kV, and the samples were unstained.
Fabrication of hardened molding blocks
Seven samples of hardened apatite blocks were prepared from 60°C-HAP, 1% GHA, 10%GHA, 60°C-FAP, 1% GFA, 10% GFA, and 80°C-HAP. For each sample, 0.3 g was placed in a metal mold (10.0 mm × 3.0 mm) and hardened using a vacuum press at room temperature. The samples were placed in a vacuum for 10 min, then pressurized at 100 Kgf/mm 2 for 30 min. After molding, the sample was taken out of the mold, resulting in a hardened, molded block of apatite. Each hardened apatite block was measured for volume and weight, and their densities were obtained. The powder was prepared such that the ratio of the hardened molding block of apatite containing 10% GHA powder or 10% GFA powder to ACP was 9:1 (wt. ratio). Both powders were mixed homogeneously using an agate mortar and pestle. Thereafter, in the same manner as the above-mentioned method for the apatite blocks, vacuum pressurization was carried out to prepare two types of ACP mixed-apatite molds. The combined hardened product called GHA+ACP was made of 10% GHA and ACP, and the combined hardened product called GFA+ACP was made of 10% GFA and ACP.
Mechanical strength
Each hardened molding block of 1% GHA, 10% GHA, 1% GFA, 10% GFA, and a block of human dentin were attached to a multicomponent compact dynamometer 9119AA1 (KISTLAR, Kanagawa, Japan). An R0.5 ball end mill MSB 230 (Nisshin Tool Co., Ltd., Tokyo, Japan) was attached to a fine precision cutting machine (iQ300 vertical machining center: Makino Milling Co., Ltd, Tokyo, Japan). The mechanical strength was tested under non-injection water at a cutting feed rate of 1,000 mm/min and a cutting depth of 0.1 mm. For each value of the cutting resistance, the X-axis indicates the rotary cutting resistance value of the cutting tool, the Y-axis indicates the cutting resistance value of the cutting tool while moving forward, and the Z-axis indicates the depth cutting resistance value (Fig. 2) .
Transmission electron microscopy (Each hardened molding block)
TEM observation of the hardened molding blocks was carried out on the seven kinds blocks containing 1% GHA, 10% GHA, 1% GFA, 10% GFA, 60°C-HAP, 60°C-FAP, and 80°C-HAP. Following the routine method, samples were dehydrated in a series of alcohols, embedded in epoxy resin (EPON812), and finally, ultrathin sections were prepared. Each sample was observed under TEM at an accelerating voltage of 80 kV with magnifications of 8,000× and 30,000×. Thereafter, the crystal size was measured under 30,000× magnification.
Crystal growth experiment of GHA+ACP and GFA+ACP
The hardened molding blocks of GHA+ACP and GFA+ACP were immersed in DW and 1 ppm F solution for 60 min. After immersion, the hardened product was dehydrated in a series of alcohols, embedded in epoxy resin (EPON812), and finally, ultrathin sections were prepared. Each sample was observed under transmission electron microscopy (TEM).
The samples were labeled as GHA+ACP+DW for the GHA block immersed in DW for 60 min and GHA+ACP+F for the GHA sample immersed in a 1 ppm F solution for 60 min. Similarly, the GFA sample immersed in DW for 60 min was called GFA+ACP+DW, and the GFA sample immersed in 1 ppm F solution is called GFA+ACP+F.
Statistical analysis
The difference between the directions of the a-axis and c-axis of the crystal size was tested by a non-parametric multiple comparison test (Steel Dwass method) with significance levels of p = 0.01 and 0.05. 
Results

Synthesis conditions and crystal identification
Apatite synthesized at 60°C showed a difference in peak separation depending on the presence or absence of gelatin and presence or absence of fluoride. However, in both samples, the peak profiles clearly showed that they contained apatite crystals. On the other hand, although ACP has two wide peaks, the profile separation was extremely poor (Fig. 3) . The content (ratios) of calcium phosphate crystals obtained from respective diffraction patterns are shown in Table 1 . The highest percentage of apatite content was 93% in 80°C-HAP due to the difference in synthesis temperature, followed by 89% in 60°C-FAP ,86% in 10% GFA and 76% in 1% GFA. Other values obtained were nearly equal: 63% in 60°C-HAP, 59% in 10% GHA, and 64% in 1% GHA. That is, when synthesized at 60°C, the samples are similar to each other except fluorinated apatite. When F ions were added to the synthesized solution, there was a tendency to increase the apatite content. The percentage of apatite content was not affected by the gelatin in the synthesis solution.
Moreover, the percentage of tri-calcium phosphate (TCP) content was 26% in both 60°C-HAP and 1% GHA, 23% in 10% GHA, 15% in 1% GFA, 9% in 10% GFA, and 60°C-FAP.The 80°C-HAP sample showed the lowest value at 4%. Thus, TCP showed a higher value when synthesized at 60°C and had a tendency to decrease when F ions were present. The percentage of TCP content was not affected by the gelatin in the synthesis solution. The percentages of apatite and TCP were inversely proportionate to the rise in temperature and in the presence of F ions.
For octacalcium phosphate (OCP) content, the 60°C-HAP sample was particularly high at 7.5% while other the content of other samples synthesized at ranged from 1.0 to 2.8%. Thus, in a solution with gelatin, the production rate of OCP tends to decrease, and at 60°C in a solution without gelatin, OCP tends to increase.
Transmission electron microscopy of the synthesized crystal
Columnar or needle-shaped crystal growth in the c-axis direction was observed in the 80°C-HAP and 60°C-HAP samples, and crystals in 80°C-HAP were larger than in other samples ( Fig. 4A and C) . Moreover, when synthesized in a gelatin solution at 60°C, the a-axis and the c-axis of the crystals were shorter than in the solution without gelatin, and the crystals were mostly small and needle-like (Fig. 4C, E and G) . When F ions were added, short and granular crystals were observed, irrespective of the presence or absence of gelatin (Fig. 4D, F and H) .
Density and mechanical strength of the hardened molding blocks
The average density of the hardened molding block of apatite was 2.02 ± 0.074 mg/mm 3 ( Fig. 5) . Cutting resistance was measured with a precision cutting machine as a tool for evaluating the hardness of each block (Fig. 6 ). However, in this experiment, 80°C-HAP, 60°C-HAP, and 60°C-FAP were mostly brittle after molding and were easily broken; hence, these samples were not suitable for mechanical strength evaluation. For this reason, no data on mechanical strength was obtained from these samples. The values of the X-, Y-, and Z-axes of 10% GFA tended to be larger compared to the other four samples, i.e., X = 5.720 N, Y = 4.116 N, and Z = 3.474 N. Along the X-axis, 1% GHA and human dentin showed approximately equal values. Along the Y-axis, 10% GHA and human dentin showed approximately equal values. Along the Z-axis, 10% GFA showed a slightly larger value than human dentin. Moreover, statistical processing was not carried out for these cutting power measurements because the number of samples was small (Fig. 6 ).
Electron microscopy on hardened molding blocks
The hardened molding blocks were observed using TEM (Fig. 7 ) Figure 4 . TEM image of a dropped sample (30,000×). In HAP, crystals growing in a columnar shape were observed, and in the F-ion added group, crystals with a smaller c-axis were observed as compared to HAP.
and each crystal size was measured (Fig. 8) . Fine crystals were uniformly distributed in each hardened molding block at a low magnification (Fig. 7A , B, C, D, E and F). At high magnification, aggregated plate-like crystals were seen in 1% and 10% GHA, while fine crystals were seen in 1% and 10% GFA. The measurement results of the crystal size of the hardened molding blocks showed that 10% GHA was significantly larger than 1% GHA in the direction of the a-axis. (** p < 0.01) (Fig. 8a) . When 60°C-HAP and 60°C-FAP were compared with GHA and GFA, the crystal size synthesized in 1% gelatin solution was significantly smaller in both GHA and GFA (* p < 0.05 and ** p < 0.01, respectively). However, no significant difference in size was observed between 10% GFA and 60°C-FAP when synthesized in 10% gelatin solution (Fig. 8a) . No significant difference in size along the c-axis in 1% and 10% GHA was detected (Fig. 8b) . However, the size of 10% GFA (** p < 0.01) was observed to be significantly larger than 1% GFA. A significant decrease in size of GFA was also observed compared to GHA (Fig. 8b) . Moreover, 1% and 10% GFA tended to have low values for the c-and a-axes (Fig. 8c) . On the other hand, crystals in 80°C-HAP were huge and rod-shaped and obtained the largest value (Fig. 8) compared with other crystals.
Crystal growth of GHA+ACP, GFA+ACP
The hardened molding blocks with added ACP were observed using TEM (Fig. 9) , and each crystal size was measured (Fig. 10) . In the direction of the a-axis, no significant differences were observed with respect to the crystal size of each sample. The crystal size of GHA+ACP+F was observed to be significantly larger than GHA+ACP and GHA+ACP+DW in the direction of the c-axis (** p < 0.01) (Fig.  10) . The crystal size of GFA+ACP was observed to be significantly smaller than GFA+ACP+DW and GHA+ACP+F in the direction of the c-axis (* p < 0.05 and ** p < 0.01, respectively).
When each solution containing GHA+ACP or GFA+ACP was added dropwise to a collodion membrane grid and crystal formation was ob- Figure 5 . Measurement of the density of the hardened molding blocks. The density showed an approximate value with an average of 1.998 ± 0.086 mg/ mm 3 . Figure 6 . Measurement of the cutting resistance. Along the X-axis, 1% GHA and human dentin showed approximately equal values, and 10%GFA showed highest values compared with other samples. Along the Y-axis, 10% GHA and human dentin showed approximately equal values. Along the Z-axis, 10% GFA showed a slightly larger value than human dentin. Figure 7 . TEM observation of ultrathin section of the hardened molding block. In samples to which F ions were added, a low trend in the c-axis was observed in all three samples.
served unstained under TEM, ACP accounted for the majority of the observation area (data not shown). The hardened molding blocks were observed under TEM. ACP was not observed; however, an area with low electron density like the vacuoles was observed (Fig. 9A and B) . The aggregation of crystals was observed in the TEM images of GHA+ACP+DW, GHA+ACP+F, GFA+ACP+DW, and GFA+ACP+F (Fig. 9C , D, E and F arrow, respectively).
Discussion
In this study, a dentin formation model was fabricated to determine the following: 1) crystals produced in an organic solution, 2) the mechanical strength of a hardened molding block, and 3) crystal change in the presence of moisture.
Crystals formed in organic solution
The results showed that, with a high-concentration gelatin solution, crystal growth is not always suppressed. Numerous studies on organic matter and apatite have been performed [18] [19] [20] . Okazaki et al 21) . reported on the physiochemical properties of fluorinated hydroxyapatite crystals that precipitate in a gelatin solution at 60°C. They concluded that the solution containing gelatin was only inhibiting crystal growth, even if the concentration of gelatin increased, because of the difference in chemical composition and the lattice of apatite remaining constant. Gelatin at a high concentration showed growth on both the a-and c-axis compared to gelatin with a low concentration. Data have been provided as mean ± SD (n=10). (* p < 0.05 and ** p < 0.01, respectively) Figure 9 . TEM images at 8,000× and 30,000×. In 1% GHA+ACP, crystal growth was observed at 1 ppm. A: GHA+ACP, B: GFA+ACP, C: GHA+ACP+DW, D: GFA+ACP+DW, E: GHA+ACP+F, F: GFA+ACP+F, a: GHA+ACP high mag, b: GFA+ACP high mag, c: GHA+ACP+DW high mag, d: GFA+ACP+DW high mag, e: GHA+ACP+F high mag, f: GFA+ACP+F high mag arrow: The aggregation of crystals was observed in the TEM images of GHA+ACP+DW, GHA+ACP+F, GFA+ACP+DW, and GFA+ACP+F. An area surrounded in a dotted line indicate the area which ACP was included in.
However, the fluorinated apatite crystals synthesized in the gelatin solution showed that the lattice constant of the a-axis was remarkably decreased from the analysis by X-ray diffraction. In this study, suppression of crystal growth was observed in 1% gelatin solution for GHA and GFA according to the comparison of the size of apatite crystals synthesized in 1% and 10% gelatin solutions. However, in a 10% gelatin solution, suppression of crystal growth was not observed, and crystal size was the same as without gelatin. Findings on crystal size in this study were different from the report by Okazaki et al. that gelatin solution inhibits crystal growth 21) . The reason why the results of this study were different is because Okazaki et al. used 0.1% and 0.2% gelatin solutions, whereas 1% and 10% gelatin solutions were used in this study. When proteins of high molecular weight are present at a high concentration, new nucleation of crystals is suppressed, and large crystals precipitate as the molecular weight of proteins become small 19, 22, 23) . In the future, it will be necessary to examine the formation of apatite with gelatin solutions at higher concentrations than used in this study, since dentin contains approximately 20% organic matter. Acidic calcium phosphate crystals other than apatite, such as TCP and OCP, were suppressed, as F ions affected precipitation of apatite effectively, as observed when the content of apatite in GFA was higher than GHA in this study.
It was thought that smaller crystals were precipitated when F ions were added. Shimoda et al 17) . conducted an experiment regarding the relationship between concentration of fluoride and the size of precipitated crystals with a fluoride concentration of approximately 300 ppm, which is similar to this study. When fluoride was added, growth of the crystal in the direction of the c-axis was suppressed and precipitates of small crystals were observed. Generally, it is known that when the position of the OH ion in the crystal lattice is replaced by an F ion, the length of the a-axis of the crystal becomes equal to the b-axis and results in a more stable crystal than HAP 21) .
Smaller crystals were precipitated at a low temperature (60°C) than observed in past experiments 17) . Furthermore, in the absence of trace elements such as CO 3 17) and Mg 24) , a higher thermal energy is theoretically required for each unit to grow in the c-axis direction. Therefore, when synthesized by adding fluoride at the low temperature of 60°C, it was thought that smaller crystals precipitated.
Mechanical strength when formed
The incorporation of a gelatin solution at a high concentration of 10% contributed to the mechanical strength of the hardened molding block. The reason for using the gelatin solution for the synthesis in this study was to focus on the adhesiveness and elasticity of gelatin.
The composite material of gelatin and apatite has been studied as a bone substitute material used clinically and as a therapeutic material for demineralization of teeth 2, 3, 25) . For instance, there are studies in which gelatin is mixed with apatite as a bone substitute, as well as research on tetracalcium phosphate (Ca 4 O(PO 4 ) 2 ) and dicalcium phosphate (CaHPO 4 ) mixed with gelatin 25) .These studies showed that the addition of gelatin had certain effects on increasing the cutting resistance and viscoelasticity. In this study, to investigate the viscoelasticity and mechanical strength of the hardened molding blocks, a cutting resistance test was carried out. As mentioned in the results section, HAP and FAP without gelatin were highly brittle and were not suitable for the cutting resistance test. However, it was possible to measure their cutting resistance values by synthesizing with a gelatin solution. It is thought that the brittleness of the hardened molding block was reduced due to the viscoelasticity of gelatin. In general, it is known that the mechanical strength of a powder changes by particle size and distribution when compression-molded. That is, in the case of using the same pressure in a mold, as the particle diameter becomes homogenous and the shape becomes spherical or polyhedral, the mechanical strength of the compression mold becomes higher 26, 27) . Results of the cutting resistance test showed that 10% GFA has the highest mechanical strength. In terms of particle shape, crystals observed in GFA were close to polyhedral, while in GHA they were long and columnar or acicular. The incorporation of a gelatin solution at a high concentration of 10% not only resulted in a small grain shape of the crystals, but also contributed to the mechanical strength of the mold, which is considered to be higher than the mechanical strength of dentin.
Continuous crystal change of calcium phosphate
It is theorized that ions eluted from ACP can promote sustained crystal growth by adding moisture to the hardened molding block to which ACP is added. There have been various discussions regarding crystals Figure 10 . Crystal measurement in TEM at 30,000×. In GHA dipped in DW and 1 ppm F, crystal size tended to increase in the c-axis direction, while in GFA, crystal size tended to decrease in the c-axis direction. Data have been provided as mean ± SD (n=10). (* p < 0.05 and ** p < 0.01, respectively). precipitated upon initiation of calcification in vivo and formation of crystal nuclei 13, 14) . It is thought that stable HAP precipitates from ACP via OCP and TCP 15, 16) under neutral environments, in both in vivo and in vitro synthetic systems. ACP crystals are unstable, highly reactive, and easily precipitate to become OCP and TCP under warming conditions. Ding et al 28) . reported that Mg ions suppressed the conversion of ACP to HAP. Iijima et al 29) .
added fluoride to Ca and P ion solutions, and when the fluoride concentration was increased to 1 ppm or more, the nano-rod hydroxyapatite precipitated directly from the base of ACP plate without going through an OCP step. In this study, ACP was added to 10% GHA and 10% GFA and reacted with DW or 1 ppm F solution to observe crystal change after 60 min. As a result, crystal size growth was observed in GHA+ACP. It is considered that the crystal size was increased due to the supply of Ca and P derived from ACP and the effect of F at 1 ppm. Growth of crystal size was suppressed in GFA+ACP. Because GFA is a fluoridated apatite synthesized under a fluorine solution of 300 ppm, Ca ions from ACP reacted with F, and CaF was precipitated, whereby the supply of Ca decreased and the crystal size decreased.
Crystal growth was observed after 60 min, and fine crystals coalesced to form agglomerations of crystals. The aggregation phenomenon of such crystals is thought to be due to Ca and P ions from ACP. However, further investigation of the dynamics of these ions should be carried out in the future. From these results, it is considered that ions from ACP can promote sustained crystal growth by adding moisture to the hardened molding block to which ACP is added.
In summary, when ACP was added to the hardened molding block of GHA including OCP and TCP, crystal growth was observed after reaction. Namely, the addition of ACP may change the apatite content ratio. As a next step, X-ray diffraction will be carried out on the cured body after the reaction. In terms of crystal morphology, since the crystal form of GFA is granular and close to polyhedral, the mechanical strength becomes higher. Therefore, it seems to be advantageous to include fluoride in the preparation of the hardened molding block to increase the resulting hardness. Furthermore, it was revealed that crystal size was not necessarily suppressed by an increase in the concentration of gelatin. Experiments using higher concentration gelatin solutions are needed in the future. In addition, in the cutting power test, values close to dentin were obtained along all axes. This suggests that the combination of HAP, FAP, and gelatin may enable the production of a hardened molding block with properties closer to dentin.
